Thermodynamics analysis of oxidation-reduction reactions between metal melt and slag (1) provides answers to certain practical issues such as the path of specific chemical reactions, final (equilibrium) phase composition, and the elements that are reduced and oxidized at given physical parameters. Although considerable, this is obviously not enough to analyze real technological systems, because the required equilibrium cannot be normally achieved despite high temperatures of welding and metallurgical processes. Hence, a dynamic problem has to be resolved here, which is calculating phase composition as a function of time. This cannot be achieved without knowing the rates of element concentration changes in each and every phase, and also technological parameters of the process. Relevant studies are detailed in(2-19).
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This paper analyzes special kinetic features of physical and chemical processes in the metal and oxide melt interface.
We will start with a relatively simple case, which is deriving a kinetic equation for a monomolecular reaction. Let us assume that the following hypothetical process proceeds in the interphase boundary:
where B and F are the 1 st and 2 nd phase components, respectively. This reaction can be described as follows (see Fig. 1 ). Rates of all subsequent stages in the steady mode are equal:
where V-is heterogeneous reaction rate (1); (1) → F (2) . CB, CF-are component concentrations in the solution; C A B, C A F --are component concentrations in the interface; δB, δF -is the thickness of the diffused layer indicative of special features of the molecular diffusion of components.
As known from formal kinetics, the heterogeneous reaction rate in the activation mode is described by the following kinetic formula:
where Kr-is the constant of chemical reaction rate.
At the same time, as follows from the1 st Fick's law, rate equation for the diffusion mode can be as follows:
.
In general, the kinetic equation for heterogeneous monomolecular reaction will be as follows:
where DB is diffusion coefficient.
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Such an approach is obviously limited as it can not be applied to assess the rate of multimolecular reactions. Transition to multimolecular processes certainly makes this problem more complicated.
Kinetics of multimolecular reaction
Now let us consider a heterogeneous reaction in the metal-oxide melt interface:
where parentheses-is mass % of components in the oxide phase; square brackets -is mass % of components in the metal phase. Scheme of the process on can see in Fig. 2 . At constant temperatures, reaction rate depends on reagent concentrations:
Concentration change rates of all reagents in the steady mode are equal:
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Assuming that iron activity in the metal melt as a basic element (aFe) equals 1, we obtain a simplified formula for constant equilibrium:
Further, we assume that the process runs in the diffusion mode. In such a case, interface concentrations are close to equilibrium with the diffusion rate of each component depending on diffusion parameters and the difference between bulk and interface concentrations (i.e., in the state of equilibrium):
More specifically, we have the following rate equations for various reagents for the process selected (6), with
Allowing for (14) , the equation for reagent equilibrium concentrations will be as follows:
Now, we insert (15), (16) and (17) into the equilibrium constant formula (9):
Therefore, the kinetic equation of the multimolecular reaction is as follows: 
Because the concentration change rates are the same for all reagents:
For convenience, this example deals with equal stoichiometric factors for all reagents in the reaction. More particularly, for reaction:
278 Kinetic equation will be as follows: 
Simulation of Phase Interaction Kinetics in a Multicomponent System
Let us consider a simple technological process (Fig. 3 ) Metal melt in vessel 3 is formed by concentrations of components in vessels 1 and 2 as well as chemical reaction with the oxide. Metal mass in vessel 3 within (Δt) time period can be easily calculated as follows: The total concentration change is determined as follows:
The equations, which would describe component concentration changes in both phases, are as follows:
Equations (27) and (28) contain a most important parameter that has a significant effect on the phase formation. This is the rate of element transition through interphase boundary
The authors apply their own method for kinetic analysis of multimolecular and simultaneous reactions (19, 20, 8) . The general equation to describe interaction of each of the metal melt components with the same reagent in the oxide melt will be as follows:
The common reagent in (29) is FeO. According to (20) , the theoretical basis of the method consists of two assumptions: 1) In a diffusion-controlled mode, concentration ratio in the interface for each reaction is close to the equilibrium value.
2) The reagent transition rate to or from the interface is proportional to the difference between concentrations in the bulk and in the metaloxide melt interface.
Use of the approach proposed in (20) enabled the authors to derive the equations for the rates of transition of any number of elements through the metal-oxide melt interface ) ( As follows from the above chart (Fig. 4) , iron oxide flow is distributed among all components in the metal melt: 
If n = 2:
Rates of all subsequent stages in the steady mode are equal:
,
where V-is heterogeneous reaction rate (1); By solving the equations (27) , (28) , (30), (31), (32) and (33), we can determine phase composition at any time and for any number of components.
In fact, this set of equations is a mathematical model of oxide-metal phase interaction for a selected technological process (Fig. 3) .
Hence, phase composition equations are supposed to correlate with a specific technological process, since mass ratio and technological parameters have a significant effect on the nature of chemical reactions.
This approach was applied, for example, to develop mathematical models for steel treatment with slag in a ladle (21) , building up technology (22) , submerged arc welding (23), tungsten-containing waste treatment technology (24) , and other metallurgical technologies (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) .
